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Abstract
Fish samples were collected from local fish cultivation in the upper area of Citarum Watershed, West Java Province,
Indonesia. The analytical method for organochlorine pesticides residue in fish samples were based on liquid-liquid 
extraction method. Except endrin, heptachlor, endosulfan, aldrin were detected in all sampling points compare with
other OCPs. OCPs concentration in fish cultivated in dominated agricultural area tends to be higher than the fish from 
mixed agriculture and urban area. Risk analysis of organochlorine pesticides residue in fish processed with
comparison between the estimated daily intake (EDI) with acceptable daily intake (ADI) proposed by Agriculture 
Organization and World Health (FAO/WHO) and Minimum Risk Level (MRL) formulated by US FDA to evaluate 
the chronic effects.
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1. Introduction 
Various investigations have been conducted in various countries to understand the status of 
organochlorine pesticides contamination in foodstuffs and its exposure to human.  In previous decades, 
organochlorine pesticide had been used intensively for agricultural and industries purpose both in 
developed and developing countries, and caused significant contamination of food products. However, 
several investigation found serious contamination of hexachlorocyclohexanes (HCHs) and DDTs in fish 
and dairy products in India which were close to or exceeded the maximum limits of FAO/WHO [3], rice 
(63ng/gr wet weight), fishes and eggs (1400 ng/gr wet weight) in China [4]. 
In Indonesia, organochlorine pesticides (OCPs) such as DDT, was firstly introduced by government in 
1950 followed by organophosphates and carbamates in 1960s. Because of its characteristics such as 
highly persistent, long half-lives in the environment and biota, and easily dissolved in lipids and 
accumulating in the fatty tissue, resulted that fish, predatory birds, mammals and humans will absorb the 
greatest concentration. Thus in 1974, because of its impact to the environment and organisms, some of 
OC pesticides, including aldrin, DDT, endrin, and heptachlor were banned by Indonesia government for 
any agricultural purposes. However, several OCPs such as dieldrin and chlordane remain to be registered 
and used for several purposes in termite control which were finally prohibited in 1992. While DDT was 
still used only for health purpose to control Culex sp. and Anopheles sp. and finally banned for health 
purpose [11]. Although the government already banned OCPs for agriculture purposed and OCPs residue 
in the enviroment decreased significantly, OCPs residue was still detected sediment and waters of 
Citarum River [6], fish samples from Citarum River [5, 7],  spray samples [8], vegetables [7] from the 
upper area of Citarum Watershed, West Java,  Indonesia. 
Walking fish or catfish (Clarias sp) become as an alternative for fresh water fish consumption in West 
Java Province in Indonesia. Due to cheaper price compare to other fresh water fish and become popular 
for fish menu, the consumption of catfish is increasing in previous years. Thus, some farmers who live in 
Citarum watershed area has started cultivating catfish in their agricultural area to increase their income. 
As results, fish may have risk being contaminated by agricultural pollutant such as organochlorine 
pesticide. Therefore, this study is aiming at analyzing the organochlorine pesticides residue and its risk in 
catfish (Clarias sp) which cultivated in several area of Citarum watershed. 
2. Methodology 
2.1. Fish sampling 
Fish samples (Clarias sp.) were collected from 10 local fish cultivation (Figure 1) from 5 sub-districts 
in Citarum watershed area during February until March 2012. Several fish (3-6) samples at the same age 
and have similar size was collected from each sampling location. Generally, fish ponds can be divided 
into three types of construction: compacted soil construction, full or half concrete construction and 
polybag construction. In addition, according to the observation area there are three water sources namely 
irrigation from paddy field, Citarum River and run off water from urban area. 
2.2. Sample preparation and analysis 
Fish muscles of several fish samples from each sampling point were separated and mixed as one fish 
sample, wrapped in aluminium foil and stored at -4°C until required for extraction process. Fish samples 
analysis were based on liquid-liquid extraction method which was developed by National Pesticide 
Commission of Indonesia.  
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In extraction process, 25 gr of fish sample muscle and 100ml of acetone were homogenized for 20 
minutes at 100rpm speed, continued with filtration using Buchner funnel. The filtrate was evaporated by 
rotary evaporator to 1 ml.  Florisil and sodium sulfate was used in cleanup process by eluding the filtrate 
with 50 ml n-hexane. The elution was rotary-evaporated to 1 ml and added acetone until the final volume 
10 ml. Varian 450 Gas Chromatograph fitted with ECD detector with coulomb VF 1701 (30m x 0.25 mm 
x 0.25 μm) and VF-5 (30m x 0.25 mm x 0.25 μm) was used to analyze all the fish samples. Injector and 
detector temperature were set in 250°C and 300°C respectively. the column was performed in initial 
temperature  150°C for 0.5 min, then program for two levels temperature: at rate 20°C/min to 200°C and 
held for 3 minutes; at rate 25°C/min to 250°C and held for 17 minutes. Nitrogen gas was used as carrier 
gas with velocity 40ml/min velocity and recording speed 5mm/min. Recovery analysis was 90-92% for 
lindane, heptachlor, dieldrin, endrin, aldrin, DDT, and endosulfan (OCPs). Fish samples were expressed 
in ng/gr wet weight. 
Total lipid content of fish was analyzed according to Indonesian National Standard  or SNI No. 01-
2354.3-2006 [10] which is based on the soxhlet method. Twenty five gram of dried fish samples were put 
in pre-weighed filter paper or thimble. Then put the filter paper into pre-weight flask. Extraction was 
done in 8 hours with 100 ml of technical n-hexane. After the extraction finished oven the flask for 2 hours 
with 105°C temperature to evaporate the n-hexane solution. The flask was put in desiccator until it cooled 
down and followed by weighting the samples. The percentage of fish fat was calculated by divide the 
difference flask weight before and after extraction with weight of fish samples. 
 
 
Figure 1. Map showing the sampling points location 
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2.3. Risk analysis 
To evaluate the risk of catfish samples from fish cultivation in Citarum Watershed, Estimated Daily 
Intake (EDI) of catfish were calculated and compared with ADI (Acceptable Daily Intake) formulated by 
the Food and Agriculture Organization and World Health (FAO/WHO) and Minimum Risk Level (MRL) 
formulated by US FDA to evaluate the chronic effects. EDI value was calculated based on Eq. 1 below: 
 
   (1) 
EDI (ng/kg body weight day) is the estimated daily intake; DC is food (fish) daily consumption; CC is 
average concentration of each OCPs; and BW is body weight, typically 60 kg for which 60 kg is typical 
[2].  
 
3. Results and discussion 
3.1. Organochlorine pesticide residue status 
Sampling point location, total samples each sampling points, weight and size of fish samples were 
summarize in Table 1. All fish ponds are located in or near paddy field area. Most of fish samples have 
similar age from 2.5 to 3 months old fish except for sampling points 4 and 5 which the age are 1 month. 
According to interview with the fish ponds owner, 3 months old fish is ready for harvesting and sold to 
food stalls or local market. 
Table 1. Sampling point location, total samples, fish weight, size and lipid content 
Code Village Subdistrict Total Weight (gr) Size (cm) Lipid (%) Sample Range Average Range Average 
1 Cipeujeuh Pacet 3 165-180 173 16-17 16 1.11 
2 Cikoneng Ciparay 3 155-197 170 15-16 15 1.86 
3 Pakutandang Pacet 3 265-290 281 19-21 20 1.31 
4 Biru Majalaya 6 40-54 47 5-8 7 1.12 
5 Padaulun Majalaya 6 24-47 35 4-6 6 1.40 
6 Wangisagara Majalaya 3 133-141 137 12-15 13 1.61 
7 Cipagalo Bojongsoang 3 158-164 161 14-15 15 1.22 
8 Bojongsari Bojongsoang 3 140-186 165 16-18 17 1.19 
9 Bojongsari Bojongsoang 3 152-180 166 17-18 17 1.83 
10 Sukamenak Margahayu 4 126-149 137 12-15 14 1.18 
 
Figure 2 shows the range and average concentration of OCPs in catfish samples in wet weight and dry 
weight. Lindane, aldrin, heptachlor, dieldrin, DDT and endosulfan were detected while endrin was not 
detected in fish samples.  Heptachlor was the highest average concentration (18.5 ng/gr wet weight) 
following with endosulfan (17.2 ng/gr wet weight), aldrin (13.33 ng/gr wet weight), lindane (8 ng/gr wet 
weight) DDT (3.70 ng/gr wet weight), and dieldrin (3.33 ng/gr wet weight). Since fish samples had 
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almost similar lipid content with range 1.11-1.86%. Therefore organochlorine pesticides residue in fat 
weight basis has similar trend with wet weight basis. 
 
 
Figure 2. Concentration of organochlorine residue in catfish from  Citarum Watershed 
Composition of organochlorine pesticide residue in fish samples each sampling points was described 
in Figure 3. Heptachlor, endosulfan, and DDT were detected in all sampling points. While aldrin and 
dieldrin were detected in all sampling points except for sampling point 3 for aldrin and sampling point 8 
for dieldrin. In the contrary, lindane was detected only in several sampling points and endrin was not 
detected in all sampling points. 
(117 ng/gr wet weight), followed by sampling point 6 (96 ng/gr wet weight). Sampling points 2, 3, 4, 9, 
and 10 has total OCPs concentration almost similar with range 44-67 ng/gr wet weight. While sampling 
points 1, 7, and 8 has total OCPs lower than other sampling points with concentration range 25-32 ng/gr 
wet weight. Total concentration of OCPs in sampling points 1-6 tend to be higher compare with sampling 
points 7-10.  Sampling points 1-6 are located in upstream area while points 7-10 in downstream area of 
the upper area of Citarum Watershed (Figure 1). Higher amount of total concentration of OCPs with more 
varied OCPs were found in sampling points 5 and 6 in upstream area and sampling points 9 and 10 in 
downstream area. These ponds are located in lower area compare with other sampling points which are 
dominated by paddy field than urban area. While sampling points 1-4 and 7-8 are located in mix urban 
area and paddy field area and received water from both areas.  Therefore, the total concentration and the 
varieties of OCPs tend to be lower than sampling point 5, 6, 9 and 10 (Figure 3).  
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Figure 3. Composition and total concentration of organochlorine residue in fish samples each sampling point 
Compared with other studies, DDT concentration in catfish samples from present study (average 3.7 
ng/gr wet weight) was lower than DDT concentration in walking catfish samples (67.1 ng/gr wet weight) 
which were collected from Ciliwung River. In contrast, HCHs concentration (only lindane 8  ng/gr wet 
weight) in present study was higher compare to catfish samples (1.21 ng/gr wet weight) from Ciliwung 
river [9]. Figure 4 shows the comparison of OCPs concentration of catfish samples from present study 
with catfish samples which were catch from Citarum River in 2010. It can be shown that several OCPs 
concentration in present study such as endosulfan, dieldrin, heptachlor and aldrin has concentration 
significantly higher compared to fish from Citarum River [7]. DDT was also detected in catfish samples 
from present study which was undetected in catfish samples from Citarum River. 
 
 
Figure 4. Comparison OCPs concentration between catfish samples in present study with fish samples from Citarum River 2010 
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Although organochlorine pesticides were already prohibited for agricultural purposes [11], however 
some studies indicate that these pesticides are still used by the farmers in Citarum watershed. [8] revealed 
that aldrin, dieldrin and endrin were detected in in spray samples collected from farmers with 
concentration 1800 μg/L; 9.6 μg/L; and 8.5μg/L respectively. Some of pesticide shops still had the stock 
of endosulfan and some farmer still used it for dry crops [6, 7, 8]. Nevertheless, DDTs level is lower and 
decreased along with time. 
3.2. Risk analysis 
The average of catfish consumption in West Java in 2008 was used to evaluate the risk of catfish 
consumption from fish ponds in Citarum Watershed to human health. Unlike carp, tilapia and gourami, 
according to National Social Economic Survey (SUSENAS) in 2008, catfish consumption in West Java 
(0.38 kg/person/year) was lower compare to the other province such as Yogyakarta (1.29 kg/person/year),  
Jakarta (1.15 kg/person/year), and  East Java (1 kg/person/year). 
Comparison of Estimated Daily Intake (EDI) with MRL and ADI of catfish consumption is shown in 
Table 2. It shows that EDI values for all OCPs are far below the ADI and MRL value. EDI of heptachlor 
is the highest compare to EDI of other OCPs, followed by endosulfan and aldrin. On the other hand, EDI 
of endrin and dieldrin were below than 0.1 ng/kg-day. Though average concentration of OCPs in catfish 
samples is higher, EDI of catfish samples is low since lower daily consumption of catfish compared to the 
other fresh water fish such as tilapia and carp.  
Table 2. Risk analysis of organochlorine pesticides residue in catfish samples from fish cultivation in Citarum Watershed 
Chemical Route Durationa Endpoint MRL
 
[ng/kg-day] 
ADIb 
[ng/kg-day] 
EDIc 
[ng/kg-day] 
Lindane Oral Acute Developmental 3000 1000 0.139 
Intermediate Immunological 10   
Aldrin Oral Acute Developmental 2000 100 0.231 
Chronic Hepatic 30   
Heptachlor Oral Acute Reproductive 600 100 0.321 
Intermediate Immunological 100   
Dieldrin Oral Intermediate Neurological 100 100 0.058 
Chronic Hepatic 50   
p,p' DDT Oral Acute Developmental. 500 20000 - 
Intermediate Hepatic 500   
Endrin Oral Intermediate Neurological 2000 200 0.064 
Chronic Neurological 300   
Endosulfan Oral Intermediate Immunological 5000 6000 0.298 
    Chronic Hepatic 2000   
aAcute :1-14 days; Intermediate: (15-364 days); Chronic : (1 year or longer) 
bCompiled by the Programme for the Promotion of Chemical Safety, the Division of Control of Tropical Diseases, and the Food 
Safety Unit of the World Health Organization 
cEDI value were calculated based on average concentration each OCPs; not detected samples were calculated as zero concentration 
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This study has several limitations related to the exposure which could lead to uncertain total risk. For 
example, catfish consumption in present study was based on general catfish consumption in West Java in 
2008 which was probably lower than the actual catfish consumption by community who live in Citarum 
Watershed area. In order to calculate estimated daily intake, average concentration of contaminant is used 
to estimate exposure which could underestimate the risk if the individuals regularly consume fish from 
contaminated area.  
Despite of all the limitations, this study indicated that there is potential risk due to OCPs contaminant 
in catfish which were cultivated in the upper area of Citarum Watershed. We hope this study can be as an 
important step to evaluate human health risk which relates to is related with organochlorine pesticides 
exposure via freshwater fish in the upper area of Citarum Watershed. However, further research should be 
conducted especially the estimation of catfish consumption by the community in order to obtain more 
comprehensive risk assessment. 
 
4. Conclusion 
Heptachlor, endosulfan, and DDT were detected in catfish samples in all sampling points. Heptachlor 
is the highest average concentration followed by endosulfan and aldrin. Sampling points 5, 6, 9 and 10 
has higher total OCPs concentration and more varieties of detected OCPs compare to the other sampling 
points. In addition, average concentration of each OCPs in this study is higher compare to the average 
OCPs concentration of fish samples from Citarum River in 2010. However, estimated daily intake of 
catfish is far below the ADI value and MRL value because of the lower rate of daily catfish consumption. 
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